Background: This was a post hoc analysis of patients with non-squamous histology from a phase III maintenance pemetrexed study in advanced non-small cell lung cancer (NSCLC).
introduction Administration of platinum-based chemotherapy in first-line non-small cell lung cancer (NSCLC) has demonstrated modest improvements in overall survival (OS). However, many patients are unable to receive more than four to six cycles of therapy due to treatment-related toxic effects [1] [2] [3] [4] [5] [6] . For patients without disease progression after first-line treatment, tolerable maintenance chemotherapy provides a therapeutic advancement in the treatment of NSCLC [7] . As a result, more patients are benefiting from additional cycles of therapy, with improved survival. Patients with advanced NSCLC who receive maintenance therapy tend to have a better overall prognosis than those who do not receive maintenance therapy, as they must have achieved a sufficient response or stable disease (SD) during induction therapy and have acceptable tolerability in order to receive maintenance therapy [8] [9] [10] [11] [12] .
In the NSCLC setting, maintenance therapies that have resulted in statistically significant improvements in progression-free survival (PFS) or time to progression include gemcitabine, docetaxel, gefitinib, and erlotinib with bevacizumab [8, [13] [14] [15] [16] [17] [18] . Maintenance pemetrexed has resulted in both improved PFS and OS versus placebo in patients with non-squamous NSCLC [19, 20] . As previously reported, this phase III study of maintenance pemetrexed versus placebo following a non-pemetrexed doublet induction regimen showed that the 481 patients with non-squamous histology who received maintenance pemetrexed (n = 325) experienced significantly longer PFS and OS versus those who received placebo (n = 156): a median PFS of 4.5 months [95% confidence interval (CI): 4.2-5.6] versus 2.6 months [95% CI: 1.6-2.8; hazard ratio (HR) 0.44, 95% CI: 0.36-0.55, P < 0.0001] and a median OS of 15.5 months (95% CI: 13.2-18.1) versus 10.3 months (95% CI: 8.1-12.0; HR 0.70, 95% CI: 0.56-0.88, P = 0.002) [19] . Additionally, maintenance pemetrexed was well tolerated [19] . Only one other maintenance therapy, erlotinib, has resulted in statistically significant improvements in OS versus placebo [21] .
Some clinicians advocate delaying chemotherapy after firstline treatment instead of administering maintenance therapy immediately post-induction for some patients, particularly those with few disease symptoms, better performance status (PS), or those who may be more likely to experience the risks of chemotherapy as opposed to the benefits [4, [22] [23] [24] [25] . Clinical trials to date have not been designed to answer the question as to which patients will derive the greatest benefit from maintenance chemotherapy versus waiting to receive therapy until disease progression (i.e. 'chemotherapy holiday'). The Kaplan-Meier figures of PFS in both of the pemetrexed maintenance trials and the erlotinib maintenance trial demonstrate that ∼25% of patients had progressed or died at the first 6-week evaluation of maintenance therapy [19] [20] [21] , further reinforcing the need to identify factors that predict which patients may benefit from maintenance therapy.
PS and symptom burden are potential factors that are increasingly recognized for their added utility in clinical decision-making in cancer. PS is a useful clinical measure that appears to significantly influence survival and determine treatment [26] . Additionally, the prognostic value of patientreported symptoms has been documented previously [27] [28] [29] [30] [31] . Recently, a post hoc analysis of patient-reported symptoms was conducted on a phase III trial of pemetrexed and cisplatin in mesothelioma [32, 33] . In the univariate analysis, significant prognostic effects on OS were observed for multiple baseline lung cancer symptom scale (LCSS) items; in the multivariate analysis (adjusted for demographic/clinical variables including PS), the average symptom burden index (ASBI, the mean of LCSS symptom items) was prognostic, with patients with low symptom burden (LSB; ASBI < 25) having longer OS than those with high symptom burden (HSB; ASBI ≥ 25) [33] .
Given these findings and the lack of clinical trials designed to identify factors associated with the benefit of maintenance therapy, we conducted a post hoc analysis of existing clinical trial data [19] . Specifically, we assessed the association of baseline patient-reported symptom burden and PS with maintenance pemetrexed efficacy in a randomized, doubleblind, placebo-controlled phase III study of advanced NSCLC [19] . First, we examined the patients' demographic and clinical characteristics by baseline patient symptom burden, measured by the LCSS, and Eastern Cooperative Oncology Group (ECOG) PS. Then, we examined the treatment effect of pemetrexed versus placebo on PFS and OS by baseline symptom burden and PS.
patients and methods
patients and treatment
Ciuleanu et al. [19] published results from a global phase III study that evaluated maintenance pemetrexed in patients with stage IIIB/IV NSCLC (ClinicalTrials.gov identifier NCT00102804). Patients with a baseline ECOG PS of 0 or 1 received four cycles of one of the following doublet regimens as induction chemotherapy: gemcitabine-carboplatin, gemcitabine-cisplatin, paclitaxel-carboplatin, paclitaxel-cisplatin, docetaxel-carboplatin, or docetaxel-cisplatin. Patients who achieved a partial response (PR), complete response (CR), or SD were then randomized (2:1) to receive maintenance pemetrexed (500 mg/m 2 , day 1) plus best supportive care (n = 441) or placebo plus best supportive care (n = 222) in 21-day cycles until disease progression. All patients received vitamin B 12 , folic acid, and dexamethasone [19] . The study on which this analysis was done was conducted per the Declaration of Helsinki and good clinical practice guidelines, and all patients provided written informed consent before treatment.
In this post hoc analysis, we included data from 481 patients with nonsquamous histology. Histology has been shown to be predictive of efficacy with pemetrexed in advanced NSCLC, and non-squamous is currently the population indicated by the United States Food and Drug Administration and European Medicines Agency in this setting [34] [35] [36] .
assessments
The primary end point of PFS was measured from the date of randomization to the first date of progressive disease or death from any cause [19] . OS was measured from the date of randomization to the date of death from any cause [19] .
Patient-reported symptoms were measured using the patient scale LCSS, a reliable and valid lung cancer-specific instrument [37] . The patient scale LCSS questionnaire consists of nine items, each scored with a 100-mm visual analog scale used to evaluate six symptoms associated with lung cancer (loss of appetite, fatigue, cough, dyspnea, pain, and hemoptysis) as well as three global items used to evaluate the interference with normal activities, distress from lung cancer symptoms, and overall quality of life (QoL) [37] . Each item is scored from 0 (none) to 100 (worst). For this analysis, the mean of the six symptom items at baseline was calculated to provide an ASBI. Symptom subgroups were defined by ASBI as LSB (ASBI < 25) and HSB (ASBI ≥ 25). Twenty-five was chosen as the cut point to align with the 'mild' category of the LCSS observer scale. The observer scale contains the previously mentioned six symptoms, which are rated using 5-point categorical scales (none, mild, moderate, marked, and severe).
statistical analyses
Patient characteristics were summarized using descriptive statistics within each symptom burden and ECOG PS subgroup and compared between symptom burden subgroups and ECOG PS subgroups. Chi-squared tests were used to compare categorical variables between subgroups.
Two-sample t-tests were used to compare the mean scores of LCSS items in the ECOG PS 0 subgroup with those in the ECOG PS 1 subgroup.
OS and PFS HRs and 95% CIs comparing pemetrexed with placebo were estimated for all patients and for each subgroup using the Cox proportional hazard models with treatment effect as the only covariate. Forest plots of these HRs and CIs were generated to investigate treatment heterogeneity.
Subgroup analyses for ASBI and ECOG PS on PFS and OS were carried out using the Cox proportional hazard models with treatment, ASBI or PS subgroup, the interaction effect between treatment and subgroup, and demographic/clinical factors as covariates. The interaction effect was designated significant at the level of 0.2 (i.e. P < 0.2). Because this was a post hoc analysis that may not have enough power to detect the interaction effect, a raised significance level of 0.2 for interaction effect was used [38] . The Cox proportional hazard models were used to evaluate the maintenance treatment effect within each subgroup (significance level 0.05), adjusting for demographic/clinical factors.
For the PS subgroup analysis, eight demographic/clinical factors [19] were included in the models: age (<65 versus ≥65 years), gender (female versus male), race (Caucasian versus other), smoking status (no versus yes), stage (IIIB versus IV), previously treated brain metastases (yes versus no), provided ASBI data at baseline. For these patients, the median baseline ASBI was 15 and the mean was 18. There were 62.5%, 71.8%, and 83.6% of patients with an ASBI less than 20, 25, and 30, respectively. The 17 patients who were missing baseline LCSS assessments were excluded from the ASBI subgroup analyses. Additionally, two patients with missing baseline ECOG PS were excluded from the PS subgroup analyses. Table 1 shows the baseline patient and disease characteristics for patients with non-squamous NSCLC by ASBI (LSB and HSB) and PS subgroups. The mean age was 59 years for patients with LSB and a PS of 0 and 61 years for patients with HSB and a PS of 1. As expected, there were significantly more patients with good PS of 0 in the LSB group (ASBI < 25) than in the HSB group (ASBI ≥ 25). Significantly more patients with HSB were aged ≥65 years and had stage IV disease, whereas fewer patients with HSB had a CR/PR response to induction. Similarly, significantly more patients with PS 1 were aged ≥65 years. More patients with PS 0 had CR/PR responses to induction and received cisplatin as part of induction therapy. Table 2 shows the baseline LCSS by PS subgroups. PS 0 patients had significantly lower mean LCSS scores than PS 1 patients for fatigue, pain, and ASBI as well as all three global items (i.e. activity level, symptom distress, and QoL; all P < 0.05).
treatment heterogeneity
The forest plot ( Figure 1A) shows that pemetrexed significantly improved PFS, compared with placebo, in all subgroups except stage IIIB disease, including both the ASBI and ECOG PS subgroups. Pemetrexed significantly improved OS compared with placebo in patients with ECOG PS 0 (HR 0.57, 95% CI: 0.39-0.82, P = 0.0027) and LSB (HR 0.64, 95% CI: 0.49-0.85, P = 0.0019), in addition to other demographic/clinical subgroups with the upper limit of 95% CI <1 ( Figure 1B) . treatment effect by ASBI subgroups Figure 2A and B shows the Kaplan-Meier curves by treatment ( pemetrexed versus placebo) within ASBI subgroups for PFS. As shown in Table 3 , there was no significant interaction effect Figure 2C and D shows the Kaplan-Meier curves by treatment ( pemetrexed versus placebo) within ASBI subgroups for OS. As shown in Table 3 , the interaction effect between treatment and ASBI subgroups on OS was significant (P = 0.1499). For patients with LSB, pemetrexed significantly improved OS (median 17.5 versus 11.0 months, HR 0.63, P = 0.0012), whereas no significant treatment effect ( pemetrexed versus placebo) for OS was observed for patients with HSB (median 11.8 versus 10.6 months, HR 1.02, P = 0.9188).
Sensitivity analyses were carried out using 20 (n = 290 with LSB < 20) and 30 (n = 388 with LSB < 30) as the ASBI cut points. The interaction effect between treatment and ASBI subgroups on PFS was not significant. Similar to the primary ASBI analysis, pemetrexed significantly improved PFS for patients with LSB and HSB (LSB P < 0.0001 for both the 20 and 30 cut points; HSB P = 0.0012 and P = 0.0257 for the 20 and 30 cut points, respectively). The interaction effect between original articles Annals of Oncology treatment and ASBI subgroups on OS was significant (P = 0.1396 using the 20 cut point; P = 0.0582 using the 30 cut point). Similar to the primary ASBI analysis, pemetrexed significantly improved OS for patients with LSB (P = 0.0019 using the 20 cut point; P = 0.0009 using the 30 cut point) but showed no significant difference from placebo for patients with HSB. treatment effect by PS subgroups Figure 3A and B shows the Kaplan-Meier curves by treatment ( pemetrexed versus placebo) within ECOG PS subgroups for PFS. As shown in Table 3 , the interaction effect between treatment and ECOG PS subgroups on PFS was significant (P = 0.0900). Pemetrexed significantly improved PFS versus placebo in both ECOG PS 0 (median 5.5 versus 1.7 months, HR 0.36, P < 0.0001) and ECOG PS 1 patients (median 4.4 versus 2.8 months, HR 0.60, P = 0.0002). Figure 3C and D shows the Kaplan-Meier curves by treatment ( pemetrexed versus placebo) within ECOG PS subgroups for OS. As shown in Table 3 , the interaction effect between treatment and ECOG PS subgroup on OS was not significant. Patients receiving pemetrexed versus placebo had significantly longer median OS with ECOG PS 0 (median 17.7 versus 10.3 months, HR 0.54, P = 0.0019), but the difference for ECOG PS 1 was not significant (median 14.1 versus 10.6 months, HR 0.78, P = 0.1045).
discussion
In this post hoc analysis of a phase III study [19] , the ASBI was an independent predictor of differential response to maintenance pemetrexed in patients with non-squamous NSCLC. Patients with LSB (ASBI < 25) experienced significantly improved PFS and OS when treated with Debate continues regarding the benefit of immediate maintenance therapy versus delayed second-line treatment [39] . However, few studies have directly compared the benefit of maintenance versus delayed second-line treatment. Fidias et al. [8] observed statistically significantly longer PFS for immediate versus delayed docetaxel. Additionally, there was no significant difference in overall ASBI results between docetaxel treatment arms. In the delayed docetaxel arm, many of the patients who discontinued before treatment due to progressive disease had significant symptom deterioration that prevented the administration of therapy [8] . In a trial by Perol et al. [40] , maintenance therapy with gemcitabine or erlotinib significantly improved PFS versus observation, with all patients receiving predefined second-line pemetrexed. The PFS HR of 0.55 in the gemcitabine maintenance arm was similar to that reported for all pemetrexed patients in our study (HR 0.50) [19] .
Debate also continues regarding the appropriate selection of candidates for maintenance treatment [39] . In routine clinical practice, patients with high tumor burden and symptomatic disease may be candidates for maintenance (immediate) therapy, whereas asymptomatic patients are often given a 'drug holiday' after achieving maximum response, followed by second-line (delayed) treatment after progression [22] [23] [24] [25] . However, by delaying treatment, patients risk symptomatic deterioration, including compromised PS, that could have an impact on their ability to receive subsequent therapy [8, 10] . In both pemetrexed maintenance trials and the erlotinib maintenance trial [19] [20] [21] , ∼25% of patients had progressed or died at the first scheduled tumor evaluation. As shown in the current study, ideal candidates for maintenance may be potentially identified by symptom burden or ECOG PS. Although asymptomatic patients (i.e. LSB) are often given a drug holiday, results from our study show that LSB as well as HSB patients do benefit from maintenance treatment. If validated prospectively, these results could be used to help predict which patients should receive maintenance treatment.
Several limitations are associated with this study. This was a post hoc analysis and more robust conclusions could have been drawn from prespecified and appropriately powered analyses. Given that this study focused on cytotoxic therapy with pemetrexed, additional research is warranted to evaluate the impact of targeted or other maintenance therapies. Additionally, this is a low symptom group of enrollees (with relatively low symptom scores at baseline and a mean ASBI of 18), limiting the variability in the data and the ability of the analyses to show treatment heterogeneity in subgroups defined by LCSS items and composite scores. Finally, although most patients in the placebo arm (not receiving active maintenance therapy) did not receive pemetrexed at the time of progressive disease, 18% did receive post-study pemetrexed, a number too small for further analysis; however, the selection of other agents was generally well balanced between treatment arms [19] .
conclusions
The LCSS ASBI and PS provide an incremental value for clinical decision-making in addition to other disease and clinical characteristics that can help to identify non-squamous NSCLC patients who may benefit differentially from pemetrexed maintenance therapy. Baseline symptom burden (LSB or HSB) and ECOG PS (0 or 1) of non-squamous patients have an impact on the treatment effect on PFS and OS of maintenance chemotherapy with pemetrexed versus placebo. These data suggest that pemetrexed maintenance therapy is a useful treatment strategy for non-squamous NSCLC patients, especially those with LSB (minimal or no symptoms) or patients with PS 0 at successful completion of induction therapy. Prespecified analyses evaluating patient-reported symptoms as predictive factors are warranted to further test the validity of these results. 
